Abstract. Gastric cancer has high incidence and mortality, and the mortality ranks second only to lung cancer. Downregulation of miR-133a has been observed in certain types of tumors, and it is involved in gastric cancer. The aim of the present study was to explore the molecular mechanisms of miR-133a and ubiquitin-specific protease 39 (USP39) in gastric cancer. Western blot analysis and RT-PCR were employed to measure miR-133a and USP39 expression. To confirm whether miR-133a targeted USP39, we conducted a luciferase reporter assay. We utilized 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay to detect the effects of miR-133a on gastric cell proliferation. miR-133a was significantly downregulated in cancer tissues and cell lines (HGC-27 and MGC-803), while the expression level of USP39 was higher in tumor tissues than in paracancerous tissues. Upregulated expression of miR-133a and/or USP39 downregulation could inhibit cell proliferation in gastric cancer cells. Furthermore, USP39 was identified as a direct target of miR-133a and the inverse relationship between them was also observed. USP39 was a firsthand target of miR-133a and there was a negative correlation between them. In addition, a low expression of miR-133a or overexpression of USP39 predicted poor prognosis. In conclusion, miR-133a may be a novel therapeutic target of microRNA-mediated suppression of cell proliferation in CC, but the role of the miR-133a/USP39 axis in CC progression needs further study.
Introduction
Gastric cancer has high mortality, ranks second only to lung cancer and the incidence is fourth with 400,000 individuals suffering gastric cancer annually in China, according to a global statistical report published by the World Health Organization (WHO) in 2016. Patients with gastric cancer were generally diagnosed at an advanced stage with poor prognosis and recurrence (1) (2) (3) (4) . Therefore, identifying tumor molecular markers for early diagnosis is essential for patients with gastric carcinoma.
MicroRNAs (miRNAs/miRs) are a group of small non-coding regulatory molecules with 22-28 nucleotides sequence in length (5) . miRNAs through base pairing with the 3'-untranslated regions (3'UTR) of target messenger RNAs (mRNAs) or directly cleaving the mRNA at the post-transcriptional cause mRNA degradation and/or translational repression (6) (7) (8) (9) . miR-133a, a kind of miRNA, has been reported to be aberrantly expressed in several carcinomas, including osteosarcoma, ovarian carcinoma, lung cancer, esophageal carcinoma and even in gastric carcinoma and other types of cancer (10) (11) (12) (13) . In oral squamous cell carcinoma, miR-133a inhibits cell proliferation and invasion by suppressing COL1A1 (14). Furthermore, in colorectal cancer, miR-133a acts as a tumor suppressor to inhibit cell growth and migration by targeting elF4A1 in vitro (15) . In addition, miR-133a had a low expression and inhibited cell proliferation, invasion and induced apoptosis in gastric carcinoma cells (12, 16, 17) . It could also bind to a variety of genes, including COL1A1, FSCN1 and ubiquitin specific protease 39 (USP39) (14, 16, 18) . It has been reported that miR-133a inhibits cell progression by targeting USP39 in pancreatic cancer (18) . USP39, one of the deubiquitinating enzymes (DUBs) without ubiquitin protease activity, is involved in RNA splicing and was necessary to maintain a spindle checkpoint (19) (20) (21) (22) . USP39 has been demonstrated to act as an oncogenic factor in many tumors, such as colorectal cancer, lung cancer, melanoma, pancreatic cancer and osteosarcoma cancer (18, (23) (24) (25) (26) . In osteosarcoma cells, a decreased USP39 expression inhibited cell growth and induced apoptosis (26) . In melanoma, knockdown USP39 inhibited cell growth and induced cell cycle arrest and apoptosis (25) . Thus, to determine the molecular mechanism of miR-133a and USP39 on cell proliferation and prognosis is critical for planning therapeutic strategies, assessing prognosis, and monitoring response to therapy. Therefore, in the present study, we aim to test the functional role that miR-133a plays in tumor progression and the correlation with USP39. Furthermore, we also measured the overall survival (OS) and disease-free survival (DFS) according to the expression of miR-133a and USP39.
Materials and methods
Patients and clinical samples. According to WHO classification, we obtained 53 paired gastric cancer tissues and paracancerous tissues (PT) from patients presenting for treatment in Jining First People's Hospital (Jining, China) from January 2014 to December 2016. Fresh resected samples were immediately cut and snap-frozen in liquid nitrogen and stored in a freezer at -80˚C. The patients had no treatment before surgery. The complete clinicopathological characteristics of patients, including age, sex, tumor grade and TNM stage are described in Table I . Informed consent to use the specimens in this study was obtained from the patients. The study was approved by the Ethics Committee of Jining First People's Hospital (Jining, China).
Cell lines and culture condition. Two gastric cancer cell lines (HGC-27 and MGC-803) and one normal gastric cell GES-1 were purchased from the American Type Culture Collection (Rockville, MD, USA). The cells were maintained in RPMI-1640 medium (Gibco, Carlsbad, CA, USA) add in 15% fetal bovine serum (Sigma-Aldrich, St. Louis, MO, USA) cultured at 37˚C in a fully humidified atmosphere containing 5% CO 2 .
RNA isolation and RT-qPCR. Total miRNAs or mRNAs were isolated and purified by TRIzol reagent (Invitrogen, Carlsbad, CA, USA) or miRcute and Separation of miRNAs kit (Tiangen Biotech Co., Ltd., Beijing, China). Initially, reverse transcription was employed to produce the first cDNA chain used PrimeScript™ II 1st Strand cDNA Synthesis kit (Takara Biotechnology Co., Ltd., Dalian, China). Quantitative PCR was then carried out using SYBR Prime Script miRNA RT-PCR kit or SYBR Premix kit (both purchased from Takara Bio, Inc., Otsu, Japan) according to the manufacturer's protocol. The primer sequences used were: miR-133a forward, 5'-ATAAGAATGCGGCCGCATTCCAAACTAGCAGCA CTA-3' and reverse, 5'-AGCTTTGTTTAAACTTAACCATT CTAGCTTTTCC-3'; USP39 forward, 5'-GCTGATGATGAT TGATGCT-3' and reverse, 5'-GCTCCAAGAATCCCAAGG CT-3'; GAPDH forward, 5'-CCACTCCTCCACCTTTGAC-3' and reverse, 5'-ACCCTGTTGCTGTAGCCA-3'; and U6 forward, 5'-CTTCGGCAGCACATATACT-3' and reverse, 5'-AAAATATGGAACGCTTCACG-3'. The thermocycling parameters were as follows: 95˚C for 3 min and 40 cycles of 95˚C for 15 sec followed by 60˚C for 30 sec. The normalization of miRNA and mRNA was U6 and GAPDH, respectively. miRNA and mRNA expression levels were subsequently calculated using the 2 -ΔΔCq method. All the RT-qPCRs were run in triplicate.
Transfection. For the miRNA, due to its downregulation of miR-133a in gastric cancer cells HGC-27 and MGC-803, miR-133a was overexpressed through transfected miR-133a mimic. In addition, USP39 was intervened used small interfering RNA (siRNA) to measure the efficiency of USP39 in gastric cancer cells.
Suitable cells were inoculated into 6-well plates and cultivated overnight at 37˚C. And then we transfected the special vector utilized Lipofectamine 3000 Reagent (Invitrogen).
Protein extraction and western blot analysis. Total proteins were lysed with RIPA lysis buffer with proteinase inhibitor (both from Beyotime, Shanghai, China) extracted from cancer cells. Proteins with the same quality were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto a PVDF membrane (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The membrane were incubated overnight at 4˚C with rabbit anti-USP39 polyclonal antibody (dilution, 1:1,000, cat. no. U0385; Sigma-Aldrich), with anti-GAPDH mouse monoclonal antibody (dilution 1:2,000, cat. no. G8795; Sigma-Aldrich) as internal control. After washed the extra antibody with TBST, the membranes were incubated with rabbit secondary antibody (dilution 1:5,000, cat. no. sc-362280; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) containing horseradish peroxidase-conjugated for 2 h at room temperature. ECL Western Blotting Detection System (BestBio, Beijing, China) was applying to perform the interest proteins (CCNG1 and GAPDH) and visualized on Bio-Rad Gel Doc XR instrument (Bio-Rad Laboratories, Inc.).
Cell proliferation assay. Cells were seeded in 96-well plates and 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT; Santa Cruz Biotechnology, Inc.) was dissolved in phosphate-buffered saline (Biotech, Jiangsu, China) before experiment. MTT and dimethyl sulfoxide (DMSO) solutions were utilized to detect cell proliferative activity. After the cells were cultured 1, 2, 3 or 4 days, 10 µl MTT solution was added into each well. Then, 150 µl DMSO was added to destroy the cells after incubation at 37˚C for approximately 4 h. Finally, after agitation for 10 min, absorbance was measured at 490 nm on a microplate reader (BioTek Instruments, Inc., Winooski, VT, USA).
Plasmid construction and luciferase reporter assay.
TargetScan (http://www.targetscan.org/vert_71/) was used to predict potential target genes of miR-133a and identified USP39 as a potential target. Firstly, we cloned miR-133a mimic into pmirGlo vector and inserted the target sequences o n U S P 3 9 i n t o p c D N A 3. 1 p l a s m i d v e c t o r (pcDNA3.1-USP39-W T). Secondly, after mutation (QuikChange Multi Site-Directed Mutagenesis kit; Santa Clara, CA, USA) the target sequences used were from 5'-…A CCAGCA…-3' to 5'-…UAUCGCA…-3', and the mutation fragment was inserted into pcDNA3.1 plasmid vector (pcDNA3.1-USP39-MUT).
Luciferase reporter activity was measured after co-transfection with miR-133a mimic or negative control and pcDNA3.1-USP39-WT or pcDNA3.1o-USP39-MUT into gastric cancer cells HGC-27 and MGC-803. The experiment kit used was the Dual-Luciferase ® Reporter Assay System (Promega, Madison, WI, USA) and Renilla luciferase was used as normalization.
Statistical analysis. Statistical analyses were presented as the mean ± standard deviation using SPSS19.0 software (SPSS, Inc., Chicago, IL, USA). The Student's t-test or ANOVA and Scheffe test were used to perform the statistical analysis. Pearson's χ 2 test was used to test the correlation between miR-133a and USP39 and clinicopathologic characteristics of gastric carcinoma. In addition, the Kaplan-Meier method with log-rank test was used for analyzing survival. P<0.05 was considered to indicate a statistically significant difference.
Results
Low expression of miR-133a in gastric cancer and suppressed cell proliferation. The expression of miR-133a in gastric cancer and corresponding paracancerous tissues were measured by RT-PCR. Results showed that, the average expression level of miR-133a was downregulated in gastric cancer compared with paracancerous tissues (P<0.001) (Fig. 1A) . Further analysis revealed that miR-133a expression level was downregulated in gastric cancer cells HGC-27 and MGC-803 and normal cell GES-1 on contrast to normal gastric cell (both P<0.001) (Fig. 1B) .
On the other hand, we assumed that miR-133a played an important role on the proliferation of glioma, thus the effect of miR-133a on glioma proliferation was detected. For the sake of testing the impact of miR-133a on proliferation, we utilized miR-133a mimic to overexpress miR-133a in gastric cancer cell lines HGC-27 and MGC-803 (both P<0.001), as shown in Fig. 1C . Subsequently, we measured cell proliferative ability and found that overexpressed miR-133a resulted in decreased proliferation ability both in HGC-27 (P<0.001) and MGC-803 (P<0.001) (Fig. 1D) .
USP39 was overexpressed and promoted cell proliferation in gastric cancer. The expression of USP39 in gastric cancer and paracancerous tissues were also measured by RT-PCR. The result was USP39 upregulated in gastric cancer on contrast to paracancerous tissues (P<0.001) (Fig. 2A) . Furthermore, we detected that USP39 expression in gastric cancer cell lines HGC-27 and MGC-803 and normal gastric cell GES-1 respectively. It was highly expressed in gastric cancer cells compared with normal cells (P<0.001 both in HGC-27 and MGC-803) (Fig. 2B) .
To test the effect of USP39 on proliferation, we used siRNA-USP39 to interfere with USP39 expression and the results (P<0.001) were measured using RT-PCR, as shown in Fig. 2C . Following, we measured cell proliferative ability and found that the proliferative ability was increased both in Table I . miR-133a expression and clinicopathological characteristics in 53 paired gastric cancer. HGC-27 (P=0.0002) and MGC-803 (P<0.001) when interfered with USP39 (Fig. 2D ).
USP39 is a direct target of miR-133a and partially reversed function of miR-133a.
We predicted that USP39 was a potential downstream target of miR-133a using online software TargetScan with binding site of USP39 was at its 3'UTR located at 79 to 85. The mutated target sequences from 5'-…AUAAUGAUGAAACCAACCAGCAG…-3' to 5'-…AU AAUGAUGAAACCAUAUCGCAC…-3', and inserted the wild-type (pcDNA3.1-USP39-WT) and mutant type (pcDNA3.1-USP39-MUT) fragment into pcDNA3.1 plasmid vector in prior to the performance of the luciferase reporter assay (Fig. 3A) . In addition, we compared the expression of miR-133a and USP39, and found a negative correlation between miR-133a and USP39 with r=-0.8146 and P<0.001 (Fig. 3B ).
To confirm USP39 was directly suppressed by miR-133a, we carried out a luciferase reporter assay. Following the protocol, we co-transfected pmirGlo-miR-133a mimic or negative control and pcDNA3.1-USP39-WT or pcDNA3.1-USP39-MUT into the gastric cancer cell lines HGC-27 and MGC-803, respectively, and measured the luciferase reporter activity. Co-transfection experiments in HGC-27 and MGC-803 cells showed that miR-133a significantly decreased the luciferase activity of pcDNA3.1-USP39-WT 3'UTR (both P<0.001); however, this was not observed in pcDNA3.1-USP39-MUT 3'UTR (P=0.486 and P=0.190, respectively) (Fig. 3C) .
Furthermore, when miR-133a was overexpressed by transfected miR-133a mimic, the expression of USP39 was decreased in HGC-27 (P=0.0003) and MGC-803 (P=0.0002) (Fig. 4A) . The expression of USP39 was reduced when transfected with miR-133a mimic (P= 0.0007), which was re-expressed via overexpressed USP39 (P= 0.0179). USP39 overexpression deprived miR-133a inhibitor-mediated suppression of cell proliferation, suggesting that USP39 is involved in miR-133a-mediated biological role in gastric cancer cell HGC-27 (P<0.0001) (Fig. 4C) . Therefore, depletion of USP39 reversed the partial function of miR-133a. respectively. Furthemore, 53 patients were separated into two groups on the basis of sex, age, tumor size, TNM stage, local invasion, lymph-node metastasis, Ki-67 and USP39, respectively, and the detailed grouping is shown in Table I . The expression of miR-133a had a negative correlation with tumor size (P=0.021), TNM stage (P=0.042), lymph-node metastasis (P= 0.017) and USP39 (P= 0.019). However, there was a tendency for the expression to be associated with age (P= 0.082), local invasion (P=0.077) and Ki-67 (P=0.074). No association was identified between miR-133a with sex (P=0.511) ( Table I ). We calculated the OS and DFS with the aid of Kaplan-Meier in accordance with the expression of miR-133a, and found that the OS and DFS in the miR-133a(+) group was significantly higher than that in the miR-133a(-) group (log-rank test, P= 0.0261 and P= 0.0326) (Fig. 5A and B) . In addition, we measured OS and DFS according to USP39 expression, and the opposite results were obtained, i.e., OS and DFS were lower when USP39 overexpression compared with a low expression (log-rank test, P=0.0123 and P=0.0067) (Fig. 5C and D) .
Discussion
Gastric cancer mortality is ranked second only to lung cancer, and generally diagnosed at an advance stage. The disease is prone to metastasis and recurrence. Although cancer treatments have been improved in recent years, the outcomes of patients with GC remain unsatisfactory (1, 2) . Thus, identifying new biomarkers for GC effective therapeutics is urgent. miRNAs typically bind to the mRNA 3'-UTR of its target gene or directly cut the mRNA at a post-transcriptional level, thereby inhibiting the expression of the target gene (5, 6) . miR-133a has been reported to be an antioncogene, which was correlated with cell development, proliferation and prognosis in colon cancer, oral squamous cell carcinoma and gastric cancer (14, 16, 27) . In the present study, we verified that USP39 was a direct target of miR-133a in gastric cancer cell lines GC-27 and MGC-803. A high expression of USP39 was also identified in gastric cancer tissues and cell lines, while miR-133a was lowly expressed compared with paracancerous tissues and normal cells. Considering these results, we strongly believe that the impact of miR-133a on proliferation may be through direct inhibition of USP39. Gong et al indicated that miR-133a suppressed gastric cancer cell growth, migration and invasion and induced cell apoptosis in vitro and inhibited gastric cancer growth in vivo, thus obtaining the result that miR-133a was a tumor suppressor in vitro and in vivo (17) . Other findings have shown that miR-133a inhibited gastric cancer cell proliferative and invasive ability and promoted apoptosis (16) . Although miR-133a is considered a tumor suppressor factor in gastric cancer, we suggest miR-133a directly targets USP39 and affects proliferation by regulating USP39. In addition, to the best of our knowledge, this is the first study to focus on the impact of miR-133a and USP39 on the survival of gastric cancer patients.
The effect of miR-133a on cell proliferation, invasion and cell cycle have been studied previously, although via different cell lines and biomarkers (12, 16, 17, 28) . Li et al have shown that miR-133a inhibits gastric cancer cell proliferation by downregulating ERBB2 expression (12) . Similar findings were reported by Lai et al and Gong et al, who showed that miR-133a inhibited proliferation, migration and invasion, and induced apoptosis in gastric cancer cells (16, 17) . Our findings were consistent with previous findings (12, 16, 17) , as we have shown that overexpression of miR-133a may inhibit proliferation by directly targeting USP39 in gastric cancer cell lines HGC-27 and MGC-803. In addition, we identified that miR-133a downregulation and/or USP39 upregulation predict poor prognosis.
In the present study, it was identified that USP39 was involved in influencing miR-133a on HGC-27 and MGC-803 cell proliferation. USP39 was a kind of DUBs without ubiquitin protease activity, which played an important role in RNA splicing and necessary to maintain spindle checkpoint (19) (20) (21) (22) . USP39 is essential for mitotic spindle checkpoint integrity, and a decrease of USP39 could suppress cell division (22) . Furthermore, USP39 overexpression has been reported in colorectal cancer, lung cancer, melanoma, pancreatic cancer and osteosarcoma cancer (18, (23) (24) (25) (26) . In addition, it has been reported that overexpression of MGC-803 cells and knockdown of USP39 may inhibit MGC-803 cell proliferation and induce cell cycle arrest (29) . Furthermore, Wen et al reported that USP39 overexpression reduced patient survival times in prostate cancer (30) . In the present study, USP39 was over0expressed in gastric cancer tissues and cell lines HGC-27 and MGC-803 compared with paracancerous tissues and normal gastric cells. USP39 overexpression promotes cell proliferation and predicts poor prognosis, which is consistent with present research (29, 30) . Therefore, the transfection of miR-133a mimic inhibits USP39 expression, thereby causing cell proliferation. Thus, miR-133a and USP39 were associated with the prognosis of patients. Due to the limitation of experimental conditions, no flow cytometry was carried out in our laboratory. Additionally, we did not conduct more experiments to verify the effects of miR-133a and USP39 on cell proliferation.
In addition, the expression of USP39 has been reported to be downregulated by miR-133a and was negatively correlated with miR-133a expression in pancreatic cancer (18) . Similarly, in this study, we demonstrated that USP39 was a direct target of miR-133a and mediated by miR-133a in gastric cancer cell lines. However, there was no further mechanism explaining how miR-133a affected GC proliferation through USP39. This should be considered as a limitation of our study. The role of USP39 in the molecular mechanisms involving in migration and invasion of GC will be studied in further research.
In conclusion, we have indicated that miR-133a acts as a tumor suppressor in GC by inhibiting cancer proliferation. Furthermore, we demonstrated that miR-133a has an inverse correlation with USP39 and directly targets it by binding to its 3'UTR. This novelty of miR-133a may offer a promising therapeutic target for the treatment of GC.
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